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I'wo-dimensional echocardiography using a high reso-
lution, 7.5 MHz transducer was compared with Doppler
echocardiography for the assessment of patency of the
ductus arteriosus in normal newborn infants. Twenty-
eight neonates were studied between 1 and 10 hours
(mean 5.5) after birth and both examinations were pos-
sible in 27 (96%). Doppler echocardiography under two-
dimensional direction indicated ductal patency in all 27
neonates. Doppler sampling in the pulmonary end of the
ductus rather than the main pulmonary artery was more
sensitive for detecting patency. When two-dimensional
echocardiography only was used to predict patency, there
was 85% sensitivity. Two-dimensional echocardiog-
raphy showed no evidence of ductus arteriosus narrow-
Two-dimensional echocardiography has recently been ap-
plied 10 imaging of the ductus arteriosus (1). Pulsed Doppler
echocardiography was used alone to detect ductal patency
and appeared to be a sensitive technique (2). It is known
that the ductus arteriosus undergoes morphologic changes
during closure, but little information is available concerning
this event in normal human newborns. Using the normal
neonate as a model of a small patent ductus arteriosus, we
attempted to assess the feasibility and reliability of two-
dimensional echocardiographic imaging of the ductus ar-
teriosus for determination of patency.
Methods
Study patients. Informed consent for ultrasonography
was obtained from the parents of 28 randomly selected nor-
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ing in four neonates studied shortly after birth. In 18,
the pulmonary portion of the ductus arteriosus appeared
narrowed and in 8 of these, the narrowing extended
toward the mid-portion of the ductus. In five others,
there was only mid-ductus arteriosus narrowing.
It is concluded that high resolution two-dimensional
echocardiography can be used to assess ductus arteriosus
morphology, but is limited in predicting ductal patency
near the time of normal physiologic closure. Combined
two-dimensional and Dopplerechocardiographyisa higWy
sensitive technique for detection of ductal patency when
sampling is performed in the pulmonary end of the duc-
tus arteriosus.
mal neonates, Age at examination was 1 to 10 hours (mean
5,5). There were 13 male and 15 female infants.
Echocardiography. Examinations were performed with
an Advanced Technology Laboratories 600 MK mechanical
sector scanner. A triple mechanical scan head combining
7.5 and 5 MHz crystals was utilized. Two-dimensional
echocardiography was performed using the 7.5 MHz crystal,
and pulsed Doppler examinations were performed under
two-dimensional echocardiographic direction using a 5.0
MHz short focus crystal. The two-dimensional echocardio-
graphic studies were recorded on video tape and reviewed
by a second observer (H.P.G.) unaware of the Doppler
findings.
The ductus was visualized using the suprasternal or high
left parasternal approach. The infant was positioned with
a 1 inch (2.54 em) thick towel, placed under the shoulders
to produce mild extension of the neck. Care was taken to
avoid both excess pressure on the neck or chest and hy-
perextension of the neck. The ductus arteriosus was imaged
for its entire length from the main pulmonary artery to the
descending aorta by an echocardiographic plane directed
from the right side of the neck toward the cardiac apex (Fig.
1).
Pulsed Doppler echocardiographic results were obtained
with the sample volume positioned in I) the main pulmonary
artery in standard fashion (3), 2) the pulmonary end, and
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Figure 1. Techniqueof suprasternal and two-dimensional Doppler
echocardiographic examinationof the ductusarteriosus in the neo-
nate. A small rolled towel is placed behind the shoulders for mild
neck extension. The two-dimensional echocardiographic plane
transects the main pulmonaryartery, the left pulmonary arteryand
the descending aorta (inset).
3) the aortic end of the ductus arteriosus. Eleven neonates
were restudied by two-dimensional Doppler techniques at
24 hours of age.
Results
Feasibility. An attempt was made to image the ductus
arteriosus of 28 normal neonates. This was possible in 27
(96%). In the other neonate, images of the ascending aorta
and proximal pulmonary arteries could be obtained, but an
adequate approach for visualization of the ductus arteriosus
and aortic isthmus could not be found. The examination
was well tolerated in all 27 neonates, and there was no
episode of bradycardia, choking or severe agitation.
Ductus arteriosus patency. Pulsed Doppler echocardi-
ography indicated ductal patency in all 27 neonates studied.
Diastolic turbulence was detectable in the main pulmonary
artery in 23 (85%) ofthe 27 neonates, but could be detected
in all by placing the sample volume in the pulmonary end
of the ductus arteriosus using two-dimensional echocardio-
graphic imaging of the ductus as a guide (Fig. 2). Sampling
in the region of the aortic isthmus in the upper descending
aorta near the aortic end of the ductus arteriosus showed
diastolic turbulence in all (Fig. 3).
By two-dimensional echocardiography alone, the ductus
arteriosus was predicted to be patent in 23 (85%) of 27
neonates, and anatomic closure was thought to have oc-
curred in 4. Analysis of the Doppler flow patterns in the
four patients whose ductus appeared closed by imaging alone
revealed less radiation of diastolic turbulence into the main
and left pulmonary arteries than was present in infants with
a larger ductal lumen.
Ductus arteriosus morphology. The ductus arteriosus
appeared as a tubular structure with echo density similar to
Figure 2. Suprasternal two-dimensional echocardiographic scan
of the ductus arteriosus with Doppler sampling in the pulmonary
end of the ductus (white arrow, upper panel). The sampling
volume location is indicatedby a small horizontal white bar on
the vertical Doppler sampling locator line. The patency of the
ductus is indicatedby reverseddiastolicvelocityturbulence in this
location (lower panel). Note the late diastolic timing of peak
reversed velocity. A = anterior; I = inferior; MPA = main
pulmonary artery; P = posterior; PYal = pulmonary valve; S =
superior.
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Figure 3. Suprasternal two-dimensional Doppler echocardio-
graphic scan of the descending aorta (DAo) with the sampling
volume located in the aortic isthmus near the aortic end of the
ductus arteriosus (upper panel). The Doppler pattern in this 10-
catlO~ (lo~er ~anel). combines normal descending aorta systolic
velocity with diastolic flow across the aortic isthmus. Abbrevia-
tions and orientation as in Figure 2.
Figure 5. Narrowing of the pulmonary end of the ductus arteriosus
(black arrow) in a normal neonate (upper panel). The Doppler
sample volume is again positioned for detection of ductal patency.
A suprasternal scan of the ascending aorta (AAo) (lower panel)
shows the commonly observed anterior ductus ledge (white ar-
row). DAo = descending aorta; other abbreviation as in Figure
2.
~igure 4. Wide patency of the ductus arteriosus (DA)
III a neonate examined 2 hours after birth. LPA = left
pulmonary artery; other abbreviations as in Figures 2
and 3.
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that of the left pulmonary artery. It originated from the distal
portion of the main pulmonary trunk and coursed posteriorly
and inferiorly toward the descending aorta. The superior
ductal wall was continuous with the superior aspect of the
main pulmonary artery, and the inferior ductal wall was
continuous with the anterior wall of the descending aorta.
In 4 (I 5%) of the 27, there was no evidence of ductus
arteriosus narrowing (Fig. 4). In 18 of the 27, the pulmonary
end of the ductus showed evidence of narrowing (Fig. 5).
In 8 of these 18, this narrowing extended toward the mid-
portion of the ductus arteriosus. The remaining five neonates
had only mid-ductal narrowing. No neonate demonstrated
narrowing of the aortic end of the ductus arteriosus only.
We found that the aortic end of the ductus was charac-
teristically marked by a ridge in the anterior wall of the
aorta in normal neonates (Fig. 5). This is not a specific
marker for patency, but indicated patency of at least the
aortic end. Other variability in the position and shape of the
ductus was identified in this study, with the most common
morphology being that just described. Less commonly, the
ductus was noted to course more superiorly toward the left
before its connection to the upper descending aorta. This
variation in ductus morphology was best imaged from the
high left parasternal scan immediately below the clavicle.
When 11 of the neonates in this study were reexamined
24 hours after the first examination, 4 had persistent patency
of the ductus arteriosus by Doppler echocardiography and
7 had complete closure with thickening and some shortening
of the ductus. At that time, the two-dimensional echocar-
diographic prediction of patency revealed one false positive
and four false negative results.
Discussion
Ductus arteriosus imaging. The morphology of the
ductus arteriosus and its normal closure shortly after birth
in neonates has been studied by cardiac catheterization in
the past (4). Such studies are no longer considered safe or
advisable and, therefore, a noninvasive tool such as two-
dimensional echocardiography is one of the few methods
that can be applied to the study of this event. Because the
ductus arteriosus is a complex three-dimensional structure,
multiple scans were required to image it completely. Using
pathologic correlations, Smallhorn et al. (1) showed that
the ductus is normally oriented between the origin of the
left pulmonary artery and the descending aorta coursing
inferiorly, leftward and posteriorly. In this study, the su-
prasternal approach to tomographic imaging of the ductus
allowed visualization of the aortic and pulmonary ends of
the ductus. Sahn and Allen (5) originally described imaging
of the ductus from the parasternal position. We prefer su-
prasternal scans to avoid superimposition of the ductus and
the aortic isthmus. We observed that localized constrictions
of the ductus arteriosus were very difficult to detect from a
low parasternal position and that high suprasternal scans
were optimal. This is analogous to the angiographic obser-
vation that the anteroposterior projection frequently results
in overlap of the ductus and main pulmonary artery.
Feasibility. The feasibility of detailed ductus imaging
in 27 of 28 neonates is the result of the combination of 1)
transducer design suitable for suprasternal notch examina-
tion in the neonate, 2) the advent of 7.5 MHz equipment,
and 3) improved knowledge of the tomographic anatomy of
the ductus arteriosus.
Ductus arteriosus closure. The pattern of ductus clo-
sure in normal neonates as assessed noninvasively by echo-
cardiography is similar to that which has been described by
angiography and at autopsy. Constriction of the pulmonary
end and gradual obliteration of the mid-portion of the ductus
arteriosus was observed. Preliminary data on the time course
of ductal closure were provided by Gentile et al. (2).
Conclusions. This study demonstrates: 1) excellent fea-
sibility of ductus arteriosus morphology determination in
neonates, 2) the limitations of two-dimensional echocardi-
ography alone in determining ductal patency when Doppler
echocardiography is not available, and 3) the common pat-
tern of ductus arteriosus closure in neonates. The optimal
method to assess the ductus arteriosus noninvasively is to
combine Doppler and two-dimensional echocardiography
for high sensitivity in the detection of ductal patency and
to utilize high resolution two-dimensional echocardiography
for determination of ductal morphology and size.
Bettie Holloway, RT and Edward Colvin, MD provided technical assistance
during this study.
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